[Abstract] CRISPR/Cas9-mediated genome editing relies on a guide RNA (gRNA) molecule to generate sequence-specific DNA cleavage, which is a prerequisite for gene editing. Here we establish a method that enables production of gRNAs from any promoters, in any organisms, and in vitro (Gao and Zhao, 2014) . This method also makes it feasible to conduct tissue/cell specific gene editing.
E. coli DH5a and Agrobacterium tumefaciens strain GV3101
2. pRS316-RGR-GFP plasmid (Addgene, catalog number: plasmid 51056) 3. pHDE-35S-Cas9-mCherry-UBQ plasmid 4 . Primers (Table S1) 
Gibson assembly reagents
You can either purchase commercial kits from (New England Biolabs, catalog number: E5510S), or prepare your own with the following individual reagents: a. 5x isothermal (ISO) reaction buffer (25% PEG-8000; 500 mM Tris-HCl, pH 7.5; 50 mM We design an artificial gene named RGR, whose primary transcripts would be flanked by ribozymes at both ends ( Figure 1 ) (Gao and Zhao, 2014). A routine PCR reaction is set up according to the manufacturer's recommendation (https://www.neb.com/protocols/1/01/01/pcr-protocol-m0530). Briefly, the PCR components are mixed as described in Table 1 . The complete RGR unit assembled through two rounds of PCR is cloned into the final CRISPR vector using Gibson assembly protocol (Gibson et al., 2009) . Note that the PCR primers GENE-RGR-F1 and UNIVERS-RGR-R contain sequences that match part of the sequences in the vector to facilitate the in vitro assembly of the RGR unit into the vector (Figure 2 ).
www.bio-protocol.org/e2148 (Table 3) for 1 h at 50 °C. DNA assembly was conducted by following the manufacturer's recommended protocol (Table 3) .
(https://www.neb.com/products/e2611-gibson-assembly-master-mix#tabselect2) ii. Inoculate 2 to 4 colonies in LB medium with appropriate antibiotics.
iii. Purify plasmids from the transformed DH5α cells using QIAGEN Plasmid Mini Kit. B. An example of constructing an RGR unit for CRISPR-mediated gene editing
Select a target gene and a vector
We show the construction of an RGR unit to target the Arabidopsis gene Auxin Binding Protein 1 (ABP1) (Figure 3 ) as an example (Gao et al., 2015) . We use pHDE-35S-Cas9-mCherry-UBQ plasmid as our CRISPR vector (Gao et al., 2016) , which has been used for editing genes in Arabidopsis (the plasmid can be obtained through Addgene).
Linearize the plasmid
We digest pHDE-35S-Cas9-mCherry-UBQ plasmid with MfeI ( Figure 3) . The MfeI-linearized plasmid is used for assembling the RGR unit into the vector through Gibson assembly. The complete plasmid can express the ABP1-RGR unit from the Arabidopsis UBQ10 promoter in plants ( Figure 3 ). c. PCR conditions are described in Table 1 and Table 2. 2. In vitro transcription a. Add the following reagents at room temperature in the order listed in Table 5 : 
D. Transformation of the RGR plasmid into Arabidopsis
The final plasmid with the RGR construct was transformed into Arabidopsis through Agrobacteriummediated floral dipping method (Clough and Bent, 1998 
Data analysis
Our RGR-based production of functional gRNAs has been successful both in vitro and in vivo (Gao and Zhao, 2014; Gao et al., 2015 and 2016) . We initially produced a gRNA targeting GFP using the RGR design. The gRNA was produced in vitro from the SP6 promoter using the commercially available SP6 RNA polymerase (Gao and Zhao, 2014) . In vitro digestion assays indicated that the gRNA was fully functional (Gao and Zhao, 2014) . We used the same RGR design to produce gRNA in yeast using the ADH promoter, an RNA polymerase II promoter (Gao and Zhao, 2014) . Such a construct led to successful editing of the GFP gene in yeast. We further introduced an RGR design in Arabidopsis to produce a gRNA targeting the Arabidopsis ABP1 gene. Multiple stable heritable mutations in the ABP1 gene have been obtained (Gao et al., 2015 and 2016) . For example, we made a construct that uses RGR for one gRNA production and the U6 promoter to produce another gRNA. The two gRNA molecules target two discrete sites of the ABP1 gene in Arabidopsis and were designed to generate a 771 bp deletion (Gao et al., 2016) . We detected the intended deletions in 5 out of 61 T1 plants. Two of the T1 plants produced Cas9-free, stable homozygous mutants at the T2 generation (Gao et al., 2016) .
The RGR design has been adapted for editing genes in other organisms (Nissim et al., 2014; Yoshioka et al., 2015) .
